
European  Patent  Office  ©  Publication  number;  0  2 0 2   8 7 0  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  A P P L I C A T I O N  

©  Application  number:  86303710.7  (bi)  Int.  CI.4:  C  25  F  1/06 
^  C  25  F  7/00,  C  25  D  11 /02  
@  Date  of  filing:  15.05.86  Q  25  D  7 /06  

©  Priority:  17.05.85  US  735367  ©  Applicant:  Reznlk,  David 
2151  Barbara  Drive 
Palo  Alto,  CallfornialUS) 

©  Date  of  publication  of  application: 
26.11.86  Bulletin  86/48  ©  Inventor;  Reznlk,  David 

2151  Barbara  Drive 
©  Designated  Contracting  States:  Palo  Alto,  CallfornialUS) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
©  Representative:  Clifford,  Frederick  Alan  et  al, 

MARKS  &  CLERK  57/60  Lincoln'*  Inn  Fields 
London  WC2A3LS(GB) 

(w)  Apparatus  and  method  for  anodic  treatment. 
©  A  method  for  anodic  surface  treatment  of  metal  surfaces 
comprising  the  steps  of  providing  a  treatment  container 
containing  a  treatment  solution  comprising  one  or  more  of 
the  following  substances:  tap  water,  dilute  nitrate  salts, 
dilute  hydrochloric  acid,  dilute  nitrite  salts,  dilute  sulfuric 
acid,  stannous  and  stannic  salts  and  dilute  nitric  acid, 
positioning  at  least  first  and  second  electrodes  in  the 
treatment  container,  applying  AC  electrical  current  across 
the  electrodes  and  causing  a  metal  element  to  be  located  in 
the  treatment  container  during  application  of  the  AC  electric- 
al  current  across  the  electrodes. 

DC  surface  treatment  is  also  described. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   m e t h o d s   and  a p p a r a t u s  

f o r   s u r f a c e   t r e a t m e n t   of  m e t a l   s u r f a c e s   and  more  p a r t i c u l a r l y   t o  

s u r f a c e   t r e a t m e n t   w h i c h   e n h a n c e s   a d h e s i o n   and  p r e v e n t s   b l i s t e r i n g  

of  o r g a n i c   c o a t i n g s   a p p l i e d   t h e r e t o .  

BACKGROUND  OF  THE  INVENTION 

The  i m p o r t a n c e   or  s u r f a c e   p a s s i v a t i o n   in   t he   c a n n i n g  

i n d u s t r y  i s   d e s c r i b e d   in   d e t a i l   in  a p p l i c a n t ' s   i s s u e d   U.S.   P a t e n t  

4 , 4 4 8 , 4 7 5 ;   t h e r e  i s  p r o v i d e d   a  m e t h o d   of  a n o d i c a l l y   t r e a t i n g   a  

t i n n e d   m e t a l   s u r f a c e   p r i o r   to  c o a t i n g   w i t h  a n   o r g a n i c   c o a t i n g   s o  

as.  to  i n c r e a s e   t h e   l o n g - t e r m   a d h e s i o n   o f   t h e   o r g a n i c   c o a t i n g   t o  

t h e   t i n n e d   m e t a l   s u r f a c e   and  c o m p r i s i n g   t he   s t e p   o f  p l a c i n g   t h e  

. t i n n e d   m e t a l   s u r f a c e   in  an  e l e c t r o l y t e   b a t h   w h e r e i n   t h e  

e l e c t r o l y t e   c o m p r i s e s   one  or  more  of   t h e   f o l l o w i n g   s u b s t a n c e s :  

t a p  w a t e r ,   d i l u t e   n i t r a t e   s a l t s ,  d i l u t e  h y d r o c h l o r i c   a c i d ,   d i l u t e  

n i t r i t e   s a l t s ,   d i l u t e   s u l f u r i c   a c i d ,  a n d   d i l u t e   n i t r i c   a c i d .  

A p p l i c a n t ' s   U.S.   P a t e n t   4 , 4 4 8 , 4 7 5   r e c o m m e n d s   t h e  

p r o v i s i o n   o f   a  d i r e c t   a n o d i c   e l e c t r i c a l   c o n n e c t i o n   to  t he   m e t a l  

s u r f a c e   t o   be  t r e a t e d   and  t h e   p l a c e m e n t   of  a n o d e s   in   t h e  

t r e a t m e n t   s o l u t i o n .   I t   i n d i c a t e s   t h e   p o s s i b i l i t y   of  t r e a t m e n t  

a l s o  w i t h o u t   s u c h   e l e c t r i c a l   c o n n e c t i o n s .  



SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   s e e k s   to  p r o v i d e   a  h i g h l y  

e f f i c i e n t   and  c o s t   e f f e c t i v e   t e c h n i q u e   f o r  s u r f a c e   t r e a t m e n t   o f  

m e t a l s .   T h i s   t r e a t m e n t   may  be  a p p l i e d   a d v a n t a g e o u s l y   to   a n y  

m e t a l   s u r f a c e   f o r   e n h a n c i n g   t h e   a d h e s i o n   of  c o a t i n g   t h e r e o n   a n d  

may  be  a p p l i e d   s i m u l t a n e o u s l y   w i t h   o t h e r   t r e a t m e n t s ,   w h e n  

s u i t a b l e .  

T h e r e   i s   t h u s   p r o v i d e d   in   a c c o r d a n c e   w i t h   a  p r e f e r r e d  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   a  m e t h o d   f o r   a n o d i c   s u r f a c e  

t r e a t m e n t   of   m e t a l   s u r f a c e s   c o m p r i s i n g   t h e   s t e p s   of   p r o v i d i n g   a  

t r e a t m e n t   c o n t a i n e r   c o n t a i n i n g   a  t r e a t m e n t   s o l u t i o n   c o m p r i s i n g  

one  or  more   o f   t h e   f o l l o w i n g   s u b s t a n c e s :   t a p   w a t e r ,   d i l u t e  

n i t r a t e ' s a l t s ,   d i l u t e   h y d r o c h l o r i c   a c i d ,   d i l u t e   n i t r i t e   s a l t s ,  

d i l u t e   s u l f u r i c   a c i d ,   s t a n n o u s   and  s t a n n i c   s a l t s   and  d i l u t e  

n i t r i c   a c i d ,   p o s i t i o n i n g   a t   l e a s t   f i r s t   and  s e c o n d   e l e c t r o d e s   i n  

t h e   t r e a t m e n t   c o n t a i n e r ,   a p p l y i n g   AC  e l e c t r i c a l   c u r r e n t   a c r o s s  

t h e   e l e c t r o d e s   and   c a u s i n g   a  m e t a l   e l e m e n t   to   be  l o c a t e d   in   t h e  

t r e a t m e n t   c o n t a i n e r   d u r i n g   a p p l i c a t i o n   of   t h e   AC  e l e c t r i c a l  

c u r r e n t   a c r o s s   t h e   e l e c t r o d e s .  

T h e r e   i s   a l s o   p r o v i d e d   in   a c c o r d a n c e   w i t h   an  e m b o d i m e n t  

of   t h e   p r e s e n t   i n v e n t i o n ,   a p p a r a t u s   f o r   s u r f a c e   t r e a t m e n t   o f  

m e t a l   s u r f a c e s   c o m p r i s i n g   a  t r e a t m e n t   c o n t a i n e r   c o n t a i n i n g   a  

t r e a t m e n t   s o l u t i o n   c o m p r i s i n g   one  or  more  of   t h e   f o l l o w i n g  

s u b s t a n c e s :   t a p   w a t e r ,   d i l u t e   n i t r a t e   s a l t s ,   d i l u t e   h y d r o c h l o r i c  

a c i d ,   d i l u t e   n i t r i t e   s a l t s ,   d i l u t e   s u l f u r i c   a c i d ,   s t a n n o u s   a n d  

s t a n n i c   s a l t s   and  d i l u t e   n i t r i c   a c i d ,   a t   l e a s t   f i r s t   and  s e c o n d  

e l e c t r o d e s   d i s p o s e d   in   t h e   t r e a t m e n t   c o n t a i n e r ,   means   f o r  



a p p l y i n g   AC  e l e c t r i c a l   c u r r e n t   a c r o s s   t h e   e l e c t r o d e s   and  m e a n s  

f o r   c a u s i n g   a  m e t a l   e l e m e n t   to  be  l o c a t e d   in  t he   t r e a t m e n t  

c o n t a i n e r   d u r i n g   a p p l i c a t i o n   of  t he   AC  e l e c t r i c a l   c u r r e n t   a c r o s s  

t h e   e l e c t r o d e s .  

A c c o r d i n g   to  a  p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n ,  

t h e   m e t a l   e l e m e n t   c o m p r i s e s   a  web  of  m e t a l ,   s u c h   as  r o l l e d   p l a t e  

s t e e l ,   t i n n e d   or  u n t i n n e d ,   and  t h e r e   a r e   p r o v i d e d   e l e c t r o d e s  

a d j a c e n t   b o t h   s i d e s   of  t h e   web  to  p r o v i d e   t r e a t m e n t   of  b o t h   m e t a l  

s u r f a c e s .  

F u r t h e r   in  a c c o r d a n c e   w i t h   a  p r e f e r r e d   e m b o d i m e n t   o f  

t h e   i n v e n t i o n ,   t he   AC  e l e c t r i c a l   c u r r e n t   i s   p r o v i d e d   a t   l i n e  

v o l t a g e   or  h i g h e r   and  a t   a  f r e q u e n c y   of   t h e   m a i n s ,   e . g .   60  H z .  

A d d i t i o n a l l y   in  a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   t he   t r e a t m e n t   s o l u t i o n   can  be  a  t i n   p l a t i n g   s o l u t i o n  

s u c h   a s  a   t i n   s a l t   s o l u t i o n   s u c h   a  s o d i u m   s t a n n a t e   Na  S n 0  .   I n  
2  3 

s u c h   a  way,   t he   s u r f a c e   t r e a t m e n t   may  o c c u r   s i m u l t a n e o u s l y   w i t h   a  

t i n   c o a t i n g   s t e p .  

F u r t h e r   in  a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   t h e   m e t a l   e l e m e n t   may  be  m a i n t a i n e d   u n c o u p l e d   to   a  

f i x e d   s o u r c e   of  e l e c t r i c a l   p o t e n t i a l   and  t h u s   " f l o a t i n g " .   I n  

t h i s   e m b o d i m e n t ,   n o n - c o n d u c t i v e   r o l l e r s   may  be  e m p l o y e d   f o r  

f e e d i n g   and  g u i d i n g   c o i l   of  m e t a l   to  be  t r e a t e d .  

T h e r e   i s   a l s o   p r o v i d e d   in  a c c o r d a n c e   w i t h   a  p r e f e r r e d  

e m b o d i m e n t   of   t he   p r e s e n t   i n v e n t i o n ,   a  m e t h o d   f o r   a n o d i c   s u r f a c e  

t r e a t m e n t   of  m e t a l   s u r f a c e s   c o m p r i s i n g   t h e   s t e p s   of  p r o v i d i n g   a  

t r e a t m e n t   c o n t a i n e r   c o n t a i n i n g   a  t r e a t m e n t   s o l u t i o n   c o m p r i s i n g  

one  or  more  of  t h e   f o l l o w i n g   s u b s t a n c e s :   t a p   w a t e r ,   d i l u t e  



n i t r a t e   s a l t s ,   d i l u t e   h y d r o c h l o r i c   a c i d ,   d i l u t e   n i t r i t e   s a l t s ,  

d i l u t e   s u l f u r i c   a c i d ,   s t a n n o u s   and  s t a n n i c   s a l t s   and  d i l u t e  

n i t r i c   a c i d ,   p o s i t i o n i n g   a t   l e a s t   f i r s t   and   s e c o n d   e l e c t r o d e s   i n  

t h e   t r e a t m e n t   c o n t a i n e r   a p p l y i n g   DC  e l e c t r i c a l   c u r r e n t   a c r o s s   t h e  

e l e c t r o d e s   a t   a  v o l t a g e   in   e x c e s s   o f  V o l t s ,   and  c a u s i n g   a  m e t a l  

e l e m e n t   to   be  l o c a t e d   in   t h e   t r e a t m e n t   c o n t a i n e r   d u r i n g  

a p p l i c a t i o n   o f   t h e   AC  e l e c t r i c a l   c u r r e n t   a c r o s s   t h e   e l e c t r o d e s .  



BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  p r e s e n t   i n v e n t i o n   w i l l   be  u n d e r s t o o d   a n d  

a p p r e c i a t e d   more  f u l l y   f rom  t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n  

t a k e n   in   c o n j u n c t i o n   w i t h   t h e   d r a w i n g   in   w h i c h :  

F i g .   1  i s   a  s i d e   v i e w   i l l u s t r a t i o n   of  a p p a r a t u s   f o r  

s u r f a c e   t r e a t m e n t   c o n s t r u c t e d   and  o p e r a t i v e   in   a c c o r d a n c e   w i t h   a  

p r e f e r r e d   e m b o d i m e n t   of   t he   p r e s e n t   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

R e f e r e n c e   i s   now  made  to   F i g .   1  w h i c h   i l l u s t r a t e s  

a p p a r a t u s   f o r   s u r f a c e   t r e a t m e n t   c o n s t r u c t e d   and  o p e r a t i v e   i n  

a c c o r d a n c e   w i t h   a  p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n .   T h e r e  

i s   s e e n   in   F i g .   1,  a  s t r i p   of  s h e e t   m e t a l   10,  s u c h   a  t i n p l a t e   o r  

u n c o a t e d   s t e e l ,   d i s p o s e d   in  a  b a t h   12  c o n t a i n i n g   a  t r e a t m e n t  

s o l u t i o n   14.  The  s h e e t   m e t a l   i s   t y p i c a l l y   l e f t   " f l o a t i n g " ,   n o t  

b e i n g   c o u p l e d   to  a  s o u r c e   of  e l e c t r i c a l   p o t e n t i a l   and  t h u s   may  b e  

g u i d e d   by  o r d i n a r y   n o n - c o n d u c t i v e   r o l l e r s   16,  w h i c h   may  be  f o r m e d  

of  r u b b e r   or  of  any  o t h e r   s u i t a b l e   m a t e r i a l .  

A  p l u r a l i t y   of   e l e c t r o d e s   18,  t y p i c a l l y   f o u r   in  n u m b e r ,  

i s   d i s p o s e d   in  b a t h   12.  The  e l e c t r o d e s   a r e   n o r m a l l y   d i s t r i b u t e d  

so  as  to   l i e   a d j a c e n t   b o t h   s u r f a c e s   of   t h e   s h e e t   m e t a l   10,  so  a s  

to  p r o v i d e   t r e a t m e n t   of  b o t h   of   t h e s e   s u r f a c e s .  

A c c o r d i n g   to  one  e m b o d i m e n t   of  t h e   i n v e n t i o n ,   AC 

c u r r e n t   i s   a p p l i e d   a c r o s s   one  or  b o t h   p a i r s   of   e l e c t r o d e s   A,B  a n d  



C,D.  A c c o r d i n g   to   an  a l t e r n a t i v e   e m b o d i m e n t   o f   t h e   i n v e n t i o n ,   DC 

c u r r e n t   i s   u s e d .   I f   f o r   e x a m p l e   t h e   C  e l e c t r o d e   i s   c o u p l e d   to  a  

p o s i t i v e   v o l t a g e   and  t h e   D  e l e c t r o d e   i s  c o u p l e d   to   a  n e g a t i v e  

v o l t a g e ,   t h e   m e t a l   s u r f a c e   f a c i n g   t h e   D  e l e c t r o d e ,   i . e .   t h e  

n e g a t i v e   e l e c t r o d e ,   r e c e i v e s   t h e   s u r f a c e   t r e a t m e n t .  

S h o u l d   one  w i s h   to  p r o v i d e   s u r f a c e   t r e a t m e n t   of   t h e  

o p p o s i t e   m e t a l   s u r f a c e ,   one  can  s w i t c h   t h e   p o l a r i t y   of   t h e   C  a n d  

D  e l e c t r o d e s   or   e m p l o y   t h e   A  and  B  e l e c t r o d e s   in   a  s u i t a b l e  

p o l a r i t y   a r r a n g e m e n t .   S h o u l d   s u r f a c e   t r e a t m e n t   of   b o t h   s u r f a c e s  

be  d e s i r e d ,   t h e n   b o t h   p a i r s   of   e l e c t r o d e s   a r e   e m p l o y e d   i n  

s u i t a b l e   p o l a r i t y   c o n n e c t i o n s .  

A c c o r d i n g   to   a  p r e f e r r e d   e m b o d i m e n t   o f   t h e   i n v e n t i o n ,  

e l e c t r i c a l  c u r r e n t   of  5  -   150  Amps  a t   a  v o l t a g e   of  1 2  -   500  V o l t s  

and  a  f r e q u e n c y   of   6 0  -   440  Hz  i s   s u p p l i e d   by  a  s u i t a b l e   p o w e r  

s u p p l y   20  or  d i r e c t l y   f r o m   t h e   m a i n s   a c r o s s   t h e   e l e c t r o d e s .  

The  m e t a l   s h e e t   may  be  f e d   t h r o u g h   t h e   b a t h   a t   a  

t y p i c a l   s p e e d   of   600  m e t e r s   p e r   m i n u t e   so  as   to   h a v e   a  t y p i c a l  

d w e l l   t i m e   of   0 . 0 5  -   0 . 5   s e c o n d s .  

EXAMPLE  I  

U s i n g   1 . 5   A l u m i n u m   n i t r a t e   t r e a t m e n t   s o l u t i o n   and  a n  

a p p l i e d   c u r r e n t   a t   110  V o l t s   AC,  t h e   c u r r e n t   d e n s i t y   was  a b o u t   3 0  

Amp.  p e r   s q .   d e c i m e t e r   o v e r   a  d w e l l   t i m e   o f   0 .1   s e c o n d .  

E f f i c i e n t  s u r f a c e   t r e a t m e n t   was  o b t a i n e d .  

EXAMPLE  I I  

U n d e r   t h e   s ame   c o n d i t i o n s   as  in   E x a m p l e   I ,   a  t r e a t m e n t  

s o l u t i o n   of   1 :2   s t a n n a t e   i n d u s t r i a l   t i n n i n g   s o l u t i o n   w a s  

e m p l o y e d ,   p r o v i d i n g   e f f i c i e n t   s u r f a c e   t r e a t m e n t .  



I t   w i l l   be  a p p r e c i t e d   by  p e r s o n s   s k i l l e d   in  t h e   a r t  

t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   n o t   l i m i t e d   by  what   has   b e e n  

p a r t i c u l a r l y   shown  and  d e s c r i b e d   h e r e i n a b o v e .   R a t h e r   t he   s c o p e  

of   t h e   p r e s e n t   i n v e n t i o n   i s   d e f i n e d   o n l y   by  t h e   c l a i m s   w h i c h  

f o l l o w :  



1.  A  m e t h o d   of   a n o d i c   s u r f a c e   t r e a t m e n t   of  m e t a l   s u r f a c e s  

c o m p r i s i n g   t h e   s t e p s   o f :  

p r o v i d i n g   a  t r e a t m e n t   c o n t a i n e r   c o n t a i n i n g   a  t r e a t m e n t  

s o l u t i o n   c o m p r i s i n g   one   or   more  of   t h e   f o l l o w i n g   s u b s t a n c e s :   t a p  

w a t e r ,   d i l u t e   n i t r a t e   s a l t s ,   d i l u t e   h y d r o c h l o r i c   a c i d ,   d i l u t e  

n i t r i t e   s a l t s ,   d i l u t e   s u l f u r i c   a c i d ,   s t a n n o u s   and  s t a n n i c   s a l t s  

and  d i l u t e   n i t r i c   a c i d ;  

p o s i t i o n i n g   a t   l e a s t   f i r s t   and   s e c o n d   e l e c t r o d e s   in   t h e  

t r e a t m e n t   c o n t a i n e r ;  

a p p l y i n g   AC  e l e c t r i c a l   c u r r e n t   a c r o s s   t h e   e l e c t r o d e s ;  

a n d  

c a u s i n g   a  m e t a l   e l e m e n t   to   be  l o c a t e d   in  t h e   t r e a t m e n t  

c o n t a i n e r   d u r i n g   a p p l i c a t i o n   of   t h e   AC  e l e c t r i c a l   c u r r e n t   a c r o s s  

t h e   e l e c t r o d e s .  

2.  A p p a r a t u s   f o r   a n o d i c   s u r f a c e   t r e a t m e n t   of   m e t a l  

s u r f a c e s   c o m p r i s i n g :  

a  t r e a t m e n t   c o n t a i n e r   c o n t a i n i n g   a  t r e a t m e n t   s o l u t i o n  

c o m p r i s i n g   one  or   more   o f   t h e   f o l l o w i n g   s u b s t a n c e s :   t a p   w a t e r ,  

d i l u t e   n i t r a t e   s a l t s ,   d i l u t e   h y d r o c h l o r i c   a c i d ,   d i l u t e   n i t r i t e  

s a l t s ,   d i l u t e   s u l f u r i c   a c i d ,   s t a n n o u s   and  s t a n n i c   s a l t s   a n d  

d i l u t e   n i t r i c   a c i d ,  

a t   l e a s t   f i r s t   and  s e c o n d   e l e c t r o d e s   d i s p o s e d   in   t h e  

t r e a t m e n t   c o n t a i n e r ;  



means   f o r   a p p l y i n g   AC  e l e c t r i c a l   c u r r e n t   a c r o s s   t h e  

e l e c t r o d e s ;   a n d  

means   f o r   c a u s i n g   a  m e t a l   e l e m e n t   to  be  l o c a t e d   in  t h e  

t r e a t m e n t   c o n t a i n e r   d u r i n g   a p p l i c a t i o n   of  t he   AC  e l e c t r i c a l  

c u r r e n t   a c r o s s   t h e   e l e c t r o d e s .  

3.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   2  and  w h e r e i n   s a i d   m e t a l  

e l e m e n t   c o m p r i s e s   a  web  of  m e t a l .  

4.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2  and  w h e r e i n   s a i d   m e t a l  

e l e m e n t   c o m p r i s e s   u n t i n n e d   s t e e l .  

5.  A p p a r a t u s   a c c o r d i n g   to   c l a i m  2   and  w h e r e i n   s a i d   m e a n s  

f o r   a p p l y i n g   AC  e l e c t r i c a l   c u r r e n t   i n c l u d e s   means   f o r   p r o v i d i n g  

AC  e l e c t r i c a l   c u r r e n t   a t   l i n e   v o l t a g e   or  h i g h e r   and  a t   a  

f r e q u e n c y   of  t he   m a i n s .  

6.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   2  and  w h e r e i n   s a i d   m e t a l  

e l e m e n t   i s   m a i n t a i n e d   u n c o u p l e d   to   a  f i x e d   s o u r c e   of  e l e c t r i c a l  

p o t e n t i a l .  

7.  A  m e t h o d   f o r   a n o d i c   s u r f a c e   t r e a t m e n t   of  m e t a l   s u r f a c e s  

c o m p r i s i n g   t he   s t e p s   o f :  

p r o v i d i n g   a  t r e a t m e n t   c o n t a i n e r   c o n t a i n i n g   a  t r e a t m e n t  

s o l u t i o n   c o m p r i s i n g   one  or  more   of   t he   f o l l o w i n g   s u b s t a n c e s :   t a p  

w a t e r ,   d i l u t e   n i t r a t e   s a l t s ,   d i l u t e   h y d r o c h l o r i c   a c i d ,   d i l u t e  

n i t r i t e   s a l t s ,   d i l u t e   s u l f u r i c   a c i d ,   s t a n n o u s   and  s t a n n i c   s a l t s  

and  d i l u t e   n i t r i c   a c i d ;  



p o s i t i o n i n g   a t   l e a s t   f i r s t   and  s e c o n d   e l e c t r o d e s   in  t h e  

t r e a t m e n t   c o n t a i n e r ;  

a p p l y i n g   DC  e l e c t r i c a l   c u r r e n t   a c r o s s   t h e   e l e c t r o d e s   a t  

a  c u r r e n t   d e n s i t y   a t   t h e   s u b s t r a t e   of   b e t w e e n   8  -   50  Amps  p e r   s q .  

d e c i m e t e r ;   a n d  

c a u s i n g   a  m e t a l   e l e m e n t   to  be  l o c a t e d   in   t he   t r e a t m e n t  

c o n t a i n e r   d u r i n g   a p p l i c a t i o n   of   t he   DC  e l e c t r i c a l   c u r r e n t   a c r o s s  

t h e   e l e c t r o d e s .  






	bibliography
	description
	claims
	drawings
	search report

